An outbreak of hantavirus pulmonary syndrome (HPS) in the southwestern United States was etiologically linked to a newly recognized hantavirus. Knowledge that hantaviruses are maintained in rodent reservoirs stimulated a field and laboratory investigation of 1696 small mammals of 31 species. The most commonly captured rodent, the deer mouse (Peromyscus maniculatus), had the highest antibody prevalence (3007o) to four hantavirus antigens. Antibody also was detected in 10 other species of rodent and in 1 species of rabbit. Reverse transcriptase-polymerase chain reaction (RT-PCR) products of hantavirus from rodent tissues were indistinguishable from those from human HPS patients. More than 9607o of the seropositive P. maniculatus were positive by RT-PCR, suggesting chronic infection. Antibody prevalences were similar among P. maniculatus trapped from Arizona (3307o), New Mexico (2907o), and Colorado (2907o). The numeric dominance of P. maniculatus, the high prevalence of antibody, and the RT-PCR findings implicate this species as the primary rodent reservoir for a new hantavirus in the southwestern United States.
Materials and Methods
Rodent collection. From June through mid-August 1993, rodents were systematically trapped at selected households in the Four Corners region of New Mexico, Arizona, and Colorado (figure 1). The most commonly trapped habitat was pinonjuniper dwarf forest at 1525-2290 m, although a few households in scrub desert habitat at lower altitudes and in Ponderosa pine habitats at higher altitudes also were visited.
Traps were placed within and around homes with confirmed human cases of HPS and at nearby homes. Additional traps were placed in locations where case-patients had spent significant periods of time, such as summer sheep camps or pinon pine groves where pine nuts were harvested. Two sizes of live traps were used: 7.6 X 7.6 X 12.7 cm traps (Sherman Trap, Tallahassee, FL) for rodents generally ^00 g and 12.7 X 12.7 X 40.6 cm traps (Tomahawk Trap, Tomahawk, WI) for animals as large as 1 kg. At most sites, 100 traps (70 Shermans and 30 Tomahawks) were set, although in the few urban locations surveyed, fewer traps were used.
At each site, traps were set in the afternoon and collected the next morning for two consecutive nights. Rodents in traps were double-bagged and transported to a central site for processing. Animals were anesthetized with either metafane or ketaminexylazine (10:1), and blood was removed by suborbital or cardiac puncture. Animals were identified as to species and sex and weighed to the nearest gram. Weight was used as a surrogate variable for age [21 ] , since Peromyscus species gain weight in a consistent manner during the first few months after birth [22] . Voucher specimens were collected, fixed in 10^ buffered formalin, and placed in the Museum of Southwest Biology, University of New Mexico. Specimen identifications made in the field were verified for 127 chipmunks (genus Tamias) and 323 mice (genus Peromyscus) by quantitative morphologic measurements. Special precautions were taken while handling potentially infected rodents and contaminated traps in the field. These included wearing a negative or positive air pressure respirator equipped with a high-efficiency particulate air filter, a disposable surgical gown, gloves, and booties. Traps in which a rodent was captured were disinfected with 57c Lysol before reuse.
Organs (lung, spleen, kidneys, and liver) were aseptically removed from animals and placed in individual prelabeled cryovials. All tissues were immediately placed in liquid N2 or dry ice for storage until packed with dry ice for shipping. In the laboratory at CDC, specimens were unpacked and stored at -70oC until tested. Viral antigen production. Viral antigens for the IgG test were prepared by detergent-basic buffer extraction of infected tissue culture cells. HTNV (strain 76-118), SEOV (strain 80-39), PUUV (strain Sottkamo), and PHV (strain PHV1) were used. Vero-E6 cells infected with the virus strains were harvested at 14 days after inoculation, and cells and supernatant were separated by 10,000 g centrifugation at 40C for 10 min. Cells were washed once in 0.01 M borate-saline, pH 9.0, and pelleted as described above. Cell pellets were resuspended in borate-saline, pH 9.0, with 17c (vol/vol) Triton X-100 (Sigma, St. Louis) and sonicated in a chilled cup horn for 10 min with the device set at a 50% duty cycle. This sonicated suspension was centrifuged at 10,000 g for 5 min at 40C, and the supernatant was collected as the antigen. The supernatant was 7 irradiated with 2 X 106 rad to ensure virus inactivation. Uninfected Vero-E6 cells were similarly prepared and used as a control or comparison antigen. ELISA. Antigens were adsorbed overnight to wells of poly vinyl chloride microtiter plates (Dynatech Laboratories, Vienna, VA) after dilution in 0.01 M PBS, pH 7.4. Optimal dilutions of antigens were determined by checkerboard titration with reference sera. In this instance, antigens for HTNV, SEOV, PUUV, and PHV were diluted 1:1000 in PBS, and 0.1 mL was adsorbed to the microtiter plates overnight at 40C. An uninfected Vero-E6 cell culture antigen also was coated to plates and was used to determine the specific binding of antibody to viral antigens. Antigen was removed from the wells by washing three times with PBS and 0.17c (vol/vol) Tween 20 (PBS-T). Sera were diluted 1:100 and fourfold through 1:6400 in 57c skim milk in PBS-T and allowed to react with the antigen-coated wells. The sera of rats infected with SEOV and PUUV were used as positive controls, while normal mouse serum was used as the negative control for each test. Bound IgG was detected with goat anti-Peromyscus leucopus and goat anti-rat (heavy-and light-chainspecific; Kirkegaard Sc Perry, Gaithersburg, MD) conjugated to horseradish peroxidase. Optical densities at 410 nm were recorded on a microplate spectrophotometer, and the optical density (OD) of the uninfected antigen-coated well was subtracted from that of its corresponding viral antigen-coated well to yield the adjusted OD. An adjusted OD of 0.2 at each dilution was used to assign titers to each serum tested. A titer of 1:400 was considered positive for each antigen. Sera were titrated to a maximum end point of 1:6400. ELISAs using HTNV, SEOV, PUUV, and PHV antigens were initially used to screen all sera. Because test results with antigens other than PHV indicated poor serologic cross-reactivity with simultaneously gave identical sequences, the result was confirmed by repeating their entire processing and analysis independently.
Data analysis. Analyses were done by using SPSS software for the personal computer [24] and Epi Info [25] . Titer values were log-transformed for comparisons of geometric mean titers (GMTs) from different ELISAs. Only animals with at least one positive ELISA for the four antigens used were included in these comparisons.
Results
Trapping results. There were 1687 rodents of 29 species captured, identified to species, and tested for hantavirus antibody (table 1). One skunk and 8 rabbits also were captured, but only the rabbits were tested. The majority of the animals were obtained from sites in New Mexico (957; 56.47c); 569 (33.57c) were from Arizona and 172 (10. \7c) from Colorado. Overall, Peromyscus maniculatus, the deer mouse, accounted for 41.97c of all the rodents captured, and the five species in this genus accounted for 67.8^ of the animals captured. Other commonly captured rodents included chipmunks, genus Tamias, which accounted for \2.17c of all captures. All rodents, with the exception of the house mouse, M. musculus (n = 5\), were species indigenous to North America.
Comparison of serologic tests. Antibodies reacting to HTNV, PUUV, PHV, or SEOV antigens were found in 342 (20.17o) of the 1694 animals tested; 1352 (79.87o) sera were negative to all antigens tested, 208 (12.3^) were positive to a single antigen, 98 (5^) were positive to two antigens, 33 (\.97c) were positive to three antigens, and 3 (0.2^)) were positive to all the antigens used. More sera were reactive to PHV than to HTNV, PUUV, or SEOV antigens (tables 2, 3). Use of PHV antigen allowed detection of 11 m-13.7^ more antibody-positive animals than would have been identified with any of the other three antigens alone (table 3) . Conversely, the other three antigens identified only 0^-1.17c of additional animals that were negative (ELISA titer, < 1:400) to PHV antigen.
Comparisons of GMTs of samples for which at least one of the four ELISA tests was positive indicated that the PHV ELISA (n = 342; GMT ^ 2177) resulted in significantly higher titers than the HTNV ELISA (n = 36; GMT ^ 142), the PUUV ELISA (n = 235; GMT = 146), or the SEOV ELISA (n = 342; GMT ~ 136) (figure 2; P < .001 for all comparisons based on t test for paired samples). Since the PHV ELISA detected more positive animals and resulted in higher titers, the rest of this report will consider only serologic results obtained by using PHV antigen.
Serologic results. The most commonly infected rodent was P. maniculatus, with an antibody prevalence of 30 Given the characteristics of the rodent, it is likely that the identified range of HPS in the United States will continue to expand as physicians become more aware of the syndrome. Antibody to a hantavirus was previously reported in rodents from New Mexico and Colorado [15] . The only anti- gen used to identify infected rodents in previous studies was HTNV, which provided the lowest serologic titers and antibody prevalence in our study [15] . The low prevalence of antibody and low titers previously reported for P. maniculatus and other species (Neotoma cinerea, Neotoma mexicana) from this region (5^ for P. maniculatus; 100% of end-point indirect fluorescent antibody titers ^128) may, therefore, reflect the limited cross-reaction of sera with heterologous antigen rather than the actual level of infection. In addition, the failure to detect hantavirus antibodies in P. boylii and P. truei in previous studies also may be due to the poor cross-reactivity of sera to HTNV antigen. Similarly, our use of several heterologous hantavirus serotypes to identify antibody may still be underestimating the actual prevalence of infection in these rodents. Also, species-specific conjugates were not available for most rodent species tested, which also may lead to underestimates of the actual prevalence of infection. However, even with these limitations, our data show a prevalence of hantavirus infection in P. maniculatus similar to that found for PHV in cross-sectional surveys of M pennsylvanicus. Typically, in meadow vole populations the prevalence of antibody is 15%-27% [5, 8, 9] (Burek K, LeDuc J, unpublished data). The pattern of hantavirus infection in P. maniculatus is consistent with the characteristics previously described for unique hantavirus serotypes and their respective primary rodent hosts. First, the primary rodent reservoir is a common species in the region or habitat examined. In the Four Corners region, P. maniculatus accounted for 48% of the rodent community (table 1) . Second, the prevalence of infection as measured by antibody is highest in the primary reservoir (30% in P. maniculatus), although infection of other Percent Antibody Positive American species, and is genetically most closely related to PHV, which has M. pennsylvanicus (another rodent indigenous to North America) as its primary rodent reservoir. Both North American hantaviruses are more distantly related to the HTNV and SEOV associated with Eurasian rodent hosts [4] . Second, genetic diversity among HPS viruses, sampled during a short time scale from the limited geographic range of the Four Corners region, is substantial, with sequence divergence as much as 17c. If HPS virus was newly emerged and causing an epizootic in rodent populations in the Southwest, then greater genetic homogeneity would be expected during the short period and in the limited geographic area sampled. These data are more consistent with the scenario of a well-established virus-rodent relationship with virus genetic diversity accumulating in semiisolated rodent populations over extensive periods.
Concordant results Discordant results

Antigen
The natural history of HPS virus in P. maniculatus has yet to be elucidated in the field or laboratory. Once virus is isolated in cell culture, the course of infection can be followed to determine if HPS virus produces the same sort of persistent infection, with chronic virus shedding, as does HTNV in A. agrarius [31 ] , PUUV in C glareolus [32, 33] , and SEOV in R. norvegicus [34] . Long-term field studies of the incidence of HPS virus in P. maniculatus populations, as related to rodent population density and environmental and seasonal influences, will be necessary to identify factors involved in the spillover of infection to humans. Specific risk factors for human hantavirus infection and environmental correlates of the level of rodent infestation and prevalence of infection will be addressed in the future. Recommendations for rodent population reduction and habitat modification have been issued [26] as a first step in reducing human risk of exposure to hantaviruses maintained in P. maniculatus populations. Until more is learned about the HPS virus, the immunobiology of the disease it causes, and the need and prospects for a vaccine, reducing human contact with rodent reservoirs will be the primary means of minimizing risk.
Note Added in Proof
Since the submission of this report, a hantavirus has been isolated in cell culture from lung tissue of infected Peromyscus maniculatus. This new virus has been named Muerto Canyon virus and is synonymous with the designation hantavirus pulmonary syndrome (HPS) virus used in this report.
